Unique and biologically diverse fungal communities have been reported in arid-land soil surveys in the western US: Ranzoni (1968) , the Sonoran desert; States (1978) , cool deserts in Arizona and Utah; Christensen (unpubl), a sagebrush-grassland desert in south-central Wyoming. It is logical to surmise that the special environment inherent in biocrusts would support a novel fungal community as well. Nutrient, moisture and soil microstructural effects have been found to extend into the soil a full 10 cm beneath the biocrust (Belnap and Gardner 1993 Collection and examination of biocrusts.-Within the Canyonlands and Stewart sites (0.1 ha), three randomly selected collection points were positioned over well-developed biocrusts. The crusts were sampled in June at a time when the crusts were metabolically active. A metal soil container with a 10-cm-diam opening was placed over the crust and gently pushed downwards using a twisting action to separate the crust as an intact core inside the container. The container was then covered and the core sample was placed in cold storage at 7 C until examination in the laboratory 3 d later. Lichen thalli (at least one thallus per species in each core) were removed, rinsed thoroughly in tap water and subjected to 3 min soaking in 0.5% aqueous sodium hypochlorite. Tissues were cleared of sterilant using 10 serial washings in sterile distilled water with agitation. Intact thalli of each li-(glass petri dishes with filter paper continuously moistened with sterile water) illuminated with natural light for 3 wk at room temperature and examined weekly. Additional thalli of each species were cut into 5-mm-square segments and cultured on Malt extract agar according to the protocol of Petrini et al (1990). Three 5-mm segments of moss thalli and three 5-mm segments of incorporated grass litter taken from each biocrust sample were treated in a similar fashion. All material was examined over a 3 wk period for the presence of fungi which were then identified to genus when possible.
For the isolation of fungi by suspension plating, ten samples of crust plus soil (depth 0-5 mm; approximately 20-25 g per sample) were taken at regular intervals along a 100 ft transect at each site, placed in sterile plastic 6 oz bags, and stored at -7 C for 10 wk prior to processing. Soil suspension plating, described in detail elsewhere (Christensen 1969, Clarke and Christensen 1981) , involved immediate mechanical homogenization of each sample in its collection bag, the removal of a 2.5 g subsample, and the addition of sterile distilled H20 with mechanical agitation to yield 1: 500-1:10 000 soil: water suspensions. One ml of each suspension was uniformly dispensed over the surface of an agar medium in a total of 150 petri plates (3 sites, 30 samples). The isolation medium was soil extract agar amended with streptomycin or streptomycin and rose bengal and incubation was at room temperature (Clarke and Christensen 1981). Following fungal isolation by both suspension plating and detritus particle plating using fresh soils, all cultures were compared, and the numbered and identified taxa were tabulated to show frequency (samples of occurrence as a percent of total samples examined) and relative density (isolates as a percent of total isolates) (Christensen 1969).
RESULTS
Biocrust fungi.-A community of fungi was found to colonize tissues of lichens, mosses, and associated grasses of biocrusts (TABLE I) . As expected, several taxa appeared to be host specific. Phaeospora, Taeniolella and two entities provisionally assigned to the genera Mycospherella and Sclerococcum were found only on lichen thalli. All but Mycospherella have been reported on lichens by Hawksworth (1983) . Cyphellostereum Reid cf. laeve, a rarely reported, stipitate, stereoid fungus on mosses and lichens, was the only basidiomycete recovered. The ascomycetes/loculoascomycetes isolated from grasses included Leptosphaeria, Melanospora, Preussia, Chaetomium, and Graphyllium. The latter two also were found in the suspension plating. Dark pigmented sterile colonies designated as Mycelium sterile dematiaceum (following the taxonomic solution of Girlanda et al 1997) were the most common cultural isolates from lichen and plant tissues (TABLE I) . Similar results were obtained in the chen species were incubated in sterile, humid chambers 433 crust plus soil analysis. In analysis of crust and underlying soil by suspension plating, the average number of fungal units per gram of material was determined as 5800 and 11 350 at the biocrust sites, Stewart and Canyonlands respectively. They yielded fewer propagules than the soils at the Rifle site (28 800) which lacked a crust. Total isolates examined were 323 for the Stewart site (av 26.6 by suspension plating from each of the 10 samples plus 57 by particle plating), 306 for the Rifle site (av 27.4 per sample by suspension plating plus 32 by particle plating) and 314 for the Canyonlands site (av 25.9 per sample by suspension plating plus 55 by particle plating).
The principal species at each site are the quantitatively prevalent fungi isolated by suspension and particle plating. They are those taxa which occurred (i) at a frequency of 30% or more in suspension plating, (ii) at a frequency of less than 30% in suspension plating but with three or more total isolates, (iii) at a frequency of less than 30% in suspension plating 
DISCUSSION
The most striking result of the biocrust examination was the discovery of a diverse assemblage of mitosporic species residing within lichen, moss, and vascular plant tissues. Many of these were also principal species in the suspension plating of crust plus underlying soil. Of the 20 genera isolated by suspension plating, 11 were represented in the tissues of treated and serially-washed biocrust components. In other studies, a large number of mitosporic fungi also were found to occur in both fruiticose lichens (Petrini et al 1990) and foliose lichens (Girlanda et al 1997) . However, the majority of the taxa in those two studies were not found in our direct biocrust analysis; ca 25% were found in our suspension and particle plating. One leaf associated (foliicolous) taxon in the present study, Heteroconium, was found in the above studies, as were representatives of two common saprotrophic genera, Cladosporium and Trichoderma (interestingly, Trichoderma was not found in our soil survey). The remaining lichenicolous/fungicolous isolates were not recorded in the studies by Petrini et al (1990) and Girlanda et al (1997) (TABLE I) . Four of these, Ascocyhta, Monodictys, Sclerococcum and Taeniolella are considered to be lichenicolous by Hawksworth (1983). In an effort to account for the large number of saprotrophic, mitosporic fungi in lichen thalli, Glenn et al (1997) suggested that terricolous lichens which lack defensive lichen products will be those most readily invaded. However Girlanda et al (1997) recorded a greater diversity of saprobes on foliose lichens that produce lichen products than on those that do not. They also suggested that the prevalence of saprobic fungi is promoted by prolonged hydration in a temperate environment. In contrast to
Girlanda et al (1997), we obtained fewer total taxa (32 vs 117) and a lower presence of isolates per tissue segment (35% vs 70-90%).
A possible explanation for lower densities of fungal propagules at biocrust sites in comparison to densities at the non-crust site is existence of a relatively stable moisture regime fostered by the biocrust in contrast to a discontinuous organic substrate and fluctuating moisture in the non-crust surface soil (Fletcher and Martin 1948, Belnap and Gardner 1993) . Propagule densities at the three sites are comparable to densities in other desert soils of the region (Ranzoni 1968, Christensen unpubl) (Christensen unpubl, States 1978) . Overall compositional similarities to those two studies, respectively, were 33% (12 taxa shared) and 13% (9 taxa shared).
Based on our observation that terrestrial lichens from a conifer forest in southern Germany (Petrini et al 1990) harbor within their thalli fungi characteristic of conifer forest soils (Christensen 1981) , and that our desert biocrusts contain taxa characteristic of desert-grassland soils, we suggest that terrestrial lichens and biocrusts may support mycosocieties of fungi which can be categorized on the basis of unique physiological-ecological traits. Three such categories, proposed below as a slight modification of the groups of Hawksworth (1983) and Petrini et al (1990), are: (i) generalists, known to be biotrophic or early-succession colonizers of detritus world-wide; (ii) soil fungi characteristic of the site; and (iii) parasymbionts, species intimately associated with the biotic unit as a whole or an algal, lichen, or fungal member of the unit. We agree with Petrini et al (1990) that, irrespective of ecological group, it is likely that many of the regularly encountered fungi are intimately associated with a host. and confirmed elsewhere (Frankland 1966 (Frankland , 1998 The commonly encountered taxonomic groups in and associated with our biocrusts were dark-colored mitosporic species (both hyphomycetous and coleomycetous) and dark sterile forms, along with eight genera of loculoascomycetes, Pseudozyma sp., and species in Fusarium and Aspergillus. We found them to be difficult to isolate as well as to identify. It is possible that many of the forms, especially the dark sterile forms, are representatives of host specific lichenicolous, fungicolous, bryophilous or graminicolous fungi, or as generalists or site specialists, they may be more general cozy niche inhabitants (Richardson 1999) . Additional ecological studies are needed to further characterize fungal communities associated with biological crusts. 
